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(54) DRIVING DEVICE FOR LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To more reduce power consumption of a liquid 
crystal display device. 

SOLUTION: A charge pump type and voltage boosting type DC-DC converter 20 
includes a boosting circuit which generates a voltage Vcc1 by boosting a power 
source voltage VDD from the outside and a boosting circuit which generates a 
voltage Vcc2 by boosting the voltage VDD and the voltage Vcc1 is used as the 
power source voltage of an operational amplifiers 301 to 303 and the voltage 
Vcc2 is used as the power source voltage of operational amplifiers 304, 305. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiners decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 
-1 - 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the driving gear which drives the passive-matrix liquid crystal panel which has two or more 
line electrodes and two or more train electrodes An active element is used as each voltage-level supply 
means to supply each voltage level used for a liquid crystal drive. It is the driving gear of the liquid 
crystal display using the booster circuit of a charge pump type as a power source of a voltage-level 
supply means to supply the voltage level exceeding an input power electrical potential difference at least. 
The driving gear of the liquid crystal display characterized by using the power source from which an 
electrical-potential-difference value differs as a power source by which said each voltage-level supply 
means is divided into two or more groups, and is supplied to each class. 

[Claim 2] The driving gear of the liquid crystal display according to claim 1 with which each voltage-level 
supply means is divided into the group of 2-4. 

[Claim 3] an electrical potential difference with the largest absolute value of each electrical potential 
difference which sets to Vin supply voltage inputted into a booster circuit, and each voltage-level supply 
means in the n-th set of two or more groups (n: natural number) supplies — Vmax-n ** — driving gear 
of the liquid crystal display according to claim 1 or 2 with which the pressure-up output which makes 
the minimum value of the m which fills (a formula 1) a pressure-up multiple when it carries out is used 
as a power source of the n-th set. 
Vmax-n <mxVin (m:2 or more integers) (formula 1) 

[Claim 4] an electrical potential difference with the largest absolute value of each electrical potential 
difference which sets to Vin supply voltage inputted into a booster circuit, and each voltage-level supply 
means in the n-th set of two or more groups (n: natural number) supplies — Vmax-n **, when it carries 
out The driving gear of the liquid crystal display according to claim 1 or 2 with which the pressure-up 
output it makes m a pressure-up multiple when the pressure-up output which makes (m+1) a pressure- 
up multiple when filling (a formula 2) to m which fills (a formula 1) fills (a formula 3) is used as a power 
source of the n-th set. 

Vmax-n <mxVin (m:1 or more integers) (formula 1) 
mxVin-Vmax-n <=0.5 (V) (formula 2) 
mxVin-Vmax-n > 0.5 (V) (formula 3) 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the driving gear of the liquid crystal display suitable for 

driving a simple matrix liquid crystal display with a low power. 

[0002] 

[Description of the Prior Art] Although there is a simple matrix liquid crystal display with which the 
stripe-like electrode (a line electrode and train electrode) of a large number arranged as a liquid crystal 
display for realizing a dot display so that it may intersect perpendicularly mutually was prepared, there is 
a line sequential drive method as a drive method of a simple matrix liquid crystal display. 
[0003] A line sequential drive method is a drive method which impresses a brightness control electrical 
potential difference for every line electrode by impressing column voltage to the electrical-potential- 
difference impression and coincidence to a line electrode to two or more train electrodes while 
impressing a sequential-scanning electrical potential difference to each line electrode. Each liquid 
crystal device is controlled by the permeability according to the average actual-value electrical potential 
difference in time amount (1 frame period) until an electrical potential difference finishes impressing by a 
unit of 1 time to all line electrodes, and can display a desired image for every frame period. 
[0004] As a drive method of other simple matrix liquid crystal indicating equipments, there is the two or 
more line coincidence selection driving method (multi-line addressing (MLA) drive method). An MLA 
drive method is a drive method which impresses column voltage to it and coincidence to two or more 
train electrodes while it divides into every two or more coincidence selection groups all the line 
electrodes that constitute the display screen and impresses a scan electrical potential difference to 
each line electrode for every coincidence selection group. That is, a selection electrical potential 
difference is impressed to coincidence to two or more liquid crystal devices to which the same column 
voltage is impressed. And such electrical-potential-difference impression processing is repeated the 
number of line electrodes chosen as coincidence, and more than a same number time. Each liquid 
crystal device is controlled by the permeability according to the average actual-value electrical potential 
difference impressed to per [ until the above-mentioned repeat is completed / time amount (1 frame 
period) ], and one display image is formed for every frame period. 

[0005] The MLA drive method is indicated by JP.6-27907.A, U.S. Pat. No. 5262881, JP,8-234164,A, etc. 
[0006] The liquid crystal display is used as a display device for man machine interfaces with 
development of a highly information-oriented society. Moreover, in recent years, it does not stop at use 
in a desktop mold personal computer, but carries taking advantage of the thin lightweight features, and 
is widely used for an easy note type personal computer, PDA (Personal Digital Assistant), a cellular 
phone, etc. Therefore, in development of a liquid crystal display, while the amelioration to big-screen- 
izing progresses, amelioration to lightweight-izing or low-powerHzing is also advanced. 
[0007] In order to attain low-power-ization, various kinds of devices are taken in by the liquid crystal 
display. For example, as a liquid crystal device can be answered on a low actual-value electrical 
potential difference, the device of reducing driver voltage, or adopting the reflective mold liquid crystal 
device which does not need a back light, or making the clock frequency of a logical circuit low and being 
based on parallel processing is taken in. 

[0008] Moreover, the technique for low-power-izing is reported by "the general-purpose addressing 
technique (meeting record of a 1988 and SID international display research meeting, 80th page - 85th 
page) of an actual-value response liquid crystal display" by devising to the drive approach, this 
reference — L=rootM (M: the total number of line electrodes of the display screen, Licoincidence 
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selection line count) — it is — and the ratio of the actual-value electrical potential difference at the 
time of an ON display, and the actual-value electrical potential difference at the time of an off display - 
- maximum — if an MLA drive is carried out under the conditions of being a rated bias value (= 
maximum column voltage VC / scan electrical potential difference VR). it is reported that the driver 
voltage of a liquid crystal display can be reduced rather than a line sequential drive method. 
[0009] Drawing 4 is the block diagram showing an example of the conventional electrical-potential- 
difference generating circuit for a liquid crystal drive with the liquid crystal driver 10. This electrical- 
potential-difference generating circuit for a liquid crystal drive is a circuit used by the line sequential 
drive method. In the electrical-potential-difference generating circuit for a liquid crystal drive shown in 
drawing 4 , DC-DC converter 90 of the pressure-up mold of a charge pump type carries out the 
pressure up of the supply voltage VDD from the outside, and generates an electrical potential difference 
VCC. From an electrical potential difference VCC and the touch-down potential GND. the power circuit 
80 for a liquid crystal drive generates electrical potential differences V0-V5, and supplies them to the 
liquid crystal driver 10. 

[0010] In the power circuit 80 for a liquid crystal drive, an operational amplifier (henceforth an 
operational amplifier) 301 generates the liquid crystal drive maximum electrical potential difference V5 
according to the resistance R6 and R7 of the resistance 406,407 connected between an output terminal, 
an inversed input terminal, and touch-down potential. The partial pressure of the electrical potential 
difference between the electrical potential differences V5 and electrical potential differences V0 which 
were generated is carried out with the resistance R1-R5 of resistance 401-405, and it is electrical- 
potential-difference V4inch -Vlinch. It is generated. Here, generally the electrical potential difference 
V0 is the same as the touch-down potential GND. 

[0011] Since the current capacity for the partial pressure circuit of resistance 401-405 to drive a liquid 
crystal panel is small, drive capacity is improved by the operational amplifiers 302-305 by which voltage 
follower connection was made. Namely, electrical-potential-difference V4inch -Vlinch It is inputted into 
the non-inversed input terminal of the operational amplifiers 302-305 by which voltage follower 
connection was made. And the output voltage of operational amplifiers 302-305 is supplied to the liquid 
crystal driver 10 as electrical potential differences V4-V1. Therefore, electrical-potential-difference 
V4inch obtained with the partial pressure, V3inch, V2inch, and Vlinch It is the same as electrical 
potential differences V4, V3, V2, and V1 respectively. 

[0012] In addition, V5 level is used as the scan side selection electrical potential difference at the time 
of a straight polarity drive, and a signal side lighting electrical potential difference at the time of a 
negative polarity drive. V4 level is used as scan side a non-choosing electrical potential difference at 
the time of a negative polarity drive. V3 level is used as a signal side astigmatism LGT electrical 
potential difference at the time of a negative polarity drive. V2 level is used as a signal side astigmatism 
LGT electrical potential difference at the time of a straight polarity drive. V1 level is used as scan side a 
non-choosing electrical potential difference at the time of a straight polarity drive. And V0 level is used 
as the scan side selection electrical potential difference at the time of a negative polarity drive, and a 
signal side lighting electrical potential difference at the time of a straight polarity drive. 
[0013] The power which the operational amplifier in an analog circuit 80, i.e., the power circuit for a 
liquid crystal drive, itself consumes here is considered. In operational amplifiers 301-305, it is not 
concerned with lighting / astigmatism LGT of a liquid crystal panel, but in order to operate to stability as 
an amplifier, it is always flowing, a certain amount of static current, i.e., bias current. If the bias current 
which flows to all the operational amplifiers 301-305 is made equal and the bias current which flows to 
one operational amplifier is set to Ibias, the current which flows to five operational amplifiers 301-305 
will serve as Sxlbias, and power consumption will serve as SxIbiasxVCC. 

[0014] For example, considering 1/1 1 bias which is rated bias as effective voltage Voff =2.0V at the time 
of off wave impression of duty ratios 1/100 and a liquid crystal panel, and a bias ratio, the electrical 
potential difference of each level is set to V0=0V, V1=1.6V, V2=3.1V, V3=14.1V, V4=15.7V. and V5=17.2V. 
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In order to create V5 level in the case of supply voltage VDD=3.0V. 18V which carried out the pressure 
up 6 times also at the lowest as an output VCC of a booster circuit are required. Consequently, the 
consumed electric current in the power-source (VDD) section of operational amplifiers 301-305 serves 
as 6x5xlbias. 

[0015] Drawing 5 is the block diagram showing an example of the conventional electrical-potential- 
difference generating circuit for a liquid crystal drive used by the MLA drive method of a case with four 
coincidence selections with the liquid crystal driver 10. The power circuit 100 for a liquid crystal drive 
generates the electrical potential difference for a liquid crystal drive from the potential between an 
electrical potential difference VCC and the touch-down potential GND like the power circuit 80 for a 
liquid crystal drive shown in drawing 4 . An operational amplifier 301 is an electrical potential difference 
Vr by the resistor 407.408 of resistance R7 and R8. Although it generates and the resistors 401-406 and 
operational amplifiers 302-306 of resistance R1-R6 generate electrical potential differences V4-V0, 
electrical potential differences V4-V0 are used as potential by the side of the signal acquired by the 
predetermined operation in an MLA drive method. Moreover. Vr, V2, and -Vr It is used as a scan 
electrical-potential-difference value. Generally, it is -Vr. It considers as the touch-down potential GND. 
[0016] Considering the power which the operational amplifier in the power circuit 100 for a liquid crystal 
drive itself consumes, the current which flows to operational amplifiers 301-306 serves as 6xlbias, and 
power consumption serves as 6xIbiasxVCC. 

[0017] For example, if effective voltage Voff =2.0V at the time of off wave impression of duty ratios 
1/100 and a liquid crystal panel and a bias ratio consider 1/2.5 bias which is rated bias, the electrical 
potential difference of each level will be set to -Vr =0V, V0=4.5V, V1=6.0V, V2=7.5V. V3=8.9V, V4=10.4V, 
and Vr =14.9V. Therefore, in the case of supply voltage VDD=3.0V. 15V which carried out the pressure 
up 5 times also at the lowest as an output VCC of a booster circuit are required. Consequently, the 
consumed electric current in the power-source (VDD) section of operational amplifiers 301-306 serves 
as 5x6xlbias. 
[0018] 

[Problem(s) to be Solved by the Invention] Since the conventional electrical-potential-difference 
generating circuit for a liquid crystal drive is constituted as stated above, when a liquid crystal driver 
voltage value increases with the increment in a duty ratio, an electrical potential difference with a high 
electrical-potential-difference value is supplied as a power source also to the active element 
(operational amplifier) which generates potential with a comparatively low electrical-potential-difference 
value. Consequently, the power consumption in an analog circuit increases superfluously, and the 
technical problem that the power consumption of a liquid crystal driving gear will become high occurs. 
[0019] Then, this invention devises to the analog circuit system in a driving gear, and aims at offering 
the driving gear of the liquid crystal display which can reduce power consumption further. 
[0020] 

[Means for Solving the Problem] The driving gear of the liquid crystal display by this invention is 
characterized by using the power source from which an electrical-potential-difference value differs as a 
power source by which each voltage-level supply means to supply each voltage level used for a liquid 
crystal drive is divided into two or more groups, and is supplied to each class. Since the number of 
booster circuits will increase if the number of groups is made [ many ], when the general number of 
driver voltages in a passive-matrix liquid crystal panel is taken into consideration, the number of groups 
is appropriate [0021] about in two to four, an electrical potential difference with the largest absolute 
value of each electrical potential difference which sets to Vin supply voltage inputted into a booster 
circuit, and each voltage-level supply means in the n-th set of two or more groups (n: natural number) 
supplies — Vmax-n ** — when it carries out, the pressure-up output which makes the minimum value 
of the m which fills Vmax-n <mxVin (m:2 or more integers) a pressure-up multiple is used as a power 
source of the n-th set. 

[0022] moreover, m which fills Vmax-n <mxVin (m:1 or more integers) — receiving — mxVin-Vmax-n <= 
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— the pressure-up output which makes (m+1) a pressure-up multiple when filling 0.5 (V) — mxVin- 
Vmax-n > — it is desirable that the pressure-up output which makes m a pressure-up multiple when 
filling 0.5 (V) is used as a power source of the n-th set. 
[0023] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. Drawing 1 is the block diagram showing an example of the electrical-potential- 
difference generating circuit for a liquid crystal drive in the gestalt of operation of the 1st of this 
invention with the liquid crystal driver 10. This electrical-potential-difference generating circuit for a 
liquid crystal drive is a circuit used by the line sequential drive method. 

[0024] In the electrical-potential-difference generating circuit for a liquid crystal drive shown in drawing 
1 , DC-DC converter 20 of the pressure-up mold of a charge pump type carries out the pressure up of 
the supply voltage VDD from the outside, and it is an electrical potential difference VCC1. The pressure 
up of the booster circuit and supply voltage VDD to generate is carried out, and it is VCC2. The booster 
circuit to generate is included. However, the part to which two or more booster circuits switch supply 
voltage VDD with the clock signal for pressure ups is realizable with the configuration in which it is 
common to and two or more capacitors for charge are formed. For example, VCC2 It is VCC2 supposing 
it is a low electrical potential difference relatively. The capacitor for generating, and VCC1 VCC2 The 
capacitor for generating difference, and VCC2 It can consider as the configuration containing the 
capacitor for smooth [ for holding ]. 

[0025] The power circuit 30 for a liquid crystal drive is an electrical potential difference VCC1. The 
touch-down potential GND to electrical potential difference VCC2 Electrical potential differences V0- 
V5 are generated from the touch-down potential GND, and the liquid crystal driver 10 is supplied. 
[0026] In addition, the liquid crystal driver 10 includes the circuit relevant to the train driver and them 
which drive the line driver which drives a line electrode, and a train electrode. The liquid crystal driver 
10, DC-DC converter 20, and the power circuit 30 for a liquid crystal drive are realizable as LSI of one 
chip. Moreover, a line driver and its related circuit, DC-DC converter 20, and the power circuit 30 for a 
liquid crystal drive can also be realized as LSI of one chip, and a train driver and its related circuit, DC- 
DC converter 20, and the power circuit 30 for a liquid crystal drive can also be realized as LSI of one 
chip. 

[0027] The group which contains three of operational amplifiers 301,302.303 for the operational 
amplifiers 301-305 in the power circuit 30 for a liquid crystal drive (it considers as A group.), The group 
containing two of operational amplifiers 304,305 (it considers as B group.) When it divides, it is the 
electrical potential difference VCC1 from DC-DC converter 20. It is used as supply voltage of A group's 
operational amplifiers 301-303, and is the electrical potential difference VCC2 from DC-DC converter 
20. It is used as supply voltage of B group's operational amplifier 304,305. Namely, electrical potential 
difference VCC1 It is used as supply voltage of the operational amplifier which outputs a high electrical 
potential difference relatively, and is an electrical potential difference VCC2. It is used as supply voltage 
of the operational amplifier which outputs a low electrical potential difference relatively. 
[0028] An operational amplifier 301 generates the liquid crystal drive maximum electrical potential 
difference V5 like the case where it is shown in drawing 4 , according to the resistance R6 and R7 of the 
resistance 406,407 connected between an output terminal, an inversed input terminal, and touch-down 
potential. The partial pressure of the electrical potential difference between the electrical potential 
differences V5 and electrical potential differences V0 which were generated is carried out with the 
resistance R1-R5 of resistance 401-405, and electrical-potential-difference V4inch whose each is an 
electrical potential difference equal to electrical potential differences V4, V3, V2, and V1, V3inch, V2inch, 
and Vlinch are generated. And electrical-potential-difference V4inch -Vlinch It is inputted into the 
non-inversed input terminal of the operational amplifiers 302-305 by which voltage follower connection 
was made. The output voltage of operational amplifiers 302-305 is supplied to the liquid crystal driver 10 
as electrical potential differences V4-V1. 
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[0029] However, in this case, an electrical potential difference VCC1 is introduced into the power supply 
terminal of operational amplifiers 301-303, and it is an electrical potential difference VCC2 in the power 
supply terminal of an operational amplifier 304,305. It is introduced. 

[0030] When 1/1 1 bias which is a rated bias ratio as effective voltage Voff =2.0V at the time of off wave 
impression of duty ratios 1/100 and a liquid crystal panel and a bias ratio is used, the electrical potential 
differences of each level are V0=0V. V1=1.6V, V2=3.1V. V3=14.1V. V4=15.7V. and V5=17.2V. A liquid 
crystal panel is driven on this condition. 

[0031] And in the case of supply voltage VDD=3.0V, it is referred to as VCC1 =18V (6 time pressure-up 
electrical potential difference) and VCC2 =6V (2 double pressure-up electrical potential difference). If 
Ibias=5microA of each operational amplifiers 301-305, the consumed electric current of the electrical- 
potential-difference generating circuit for a liquid crystal drive itself will be set to 5(muA) x6x3+5(muA) 
x2x2= 1 10microA. In addition, the current which flows a power source VDD is considered as the 
consumed electric current. In the conventional circuit shown in drawing 4 , since the consumed electric 
current of the electrical-potential-difference generating circuit for a liquid crystal drive itself is 5(muA) 
x6x5=150microA, according to the circuitry of the gestalt of this operation, the consumed electric 
currents are reduced about 30%. 

[0032] the maximum electrical potential difference of each electrical potential difference which each 
voltage-level supply means in the n-th set supplies when a voltage-level supply means (this example 
operational amplifier) is divided into two or more groups, as explained above — Vmax-n ** — when it 
carries out, in each class, the output which makes the minimum value of the m which fills (a formula 1) a 
pressure-up multiple is used as a power source of each class. 
[0033] 

Vmax-n <mxVin (m:2 or more integer = pressure-up multiples, Vin: input voltage of a booster circuit) 
(formula 1) 

[0034] In the above-mentioned example, it is Vmax-1 =17.2V of A group as the 1st set. Since it is 
Vmax-2 =3.1 V of B group as the 2nd set, to each operational amplifiers 301-303 of A group 18V 
corresponding to m= 6 are supplied as supply voltage, and 6V corresponding to m= 2 are supplied to 
each operational amplifier 304,305 of B group as supply voltage. In addition, when a negative electrical 
potential difference is in the inside of each electrical potential difference which each voltage-level 
supply means supplies, the value of Vmax-n is the largest among the values of positive/negative. That is. 
Vmax-n is the absolute value of the largest electrical-potential-difference value in an absolute value. 
Although it corrects, for example, it will be absolute value =17.2V and m= 6 will fill (a formula 1) if the 
largest electrical-potential-difference value is -17.2V in an absolute value, a booster circuit outputs a 
pressure-up electrical potential difference -6 times. 

[0035] Moreover, if it subdivides further, the output voltage of DC-DC converter 20 is put in another 
way and grouping of operational amplifiers 301-305 is subdivided further, the consumed electric currents 
are further reducible. As opposed to the operational amplifier 305 for VI level For example, VDD (=3V: 
actual size electrical potential difference). As opposed to the operational amplifier 304 for V2 level 
2VDD(s) (= 6V:2 double pressure-up electrical potential difference), As opposed to the operational 
amplifier 303 for V3 level 5VDD(s) (= 15 V:5 time pressure-up electrical potential difference), If DC-DC 
converter 20 is constituted so that 6VDD(s) (= 18 V:6 time pressure-up electrical potential difference) 
may be supplied to the operational amplifier 302,301 V4 and for V5 level The consumed electric currents 
of the electrical-potential-difference generating circuit for a liquid crystal drive itself are reduced by 
5x1 x1 +5x2x1 +5x5x1 +5x6x2=1 OOmicroA. 

[0036] Drawing 2 is the block diagram showing an example of the electrical-potential-difference 
generating circuit for a liquid crystal drive in the gestalt of operation of the 2nd of this invention with 
the liquid crystal driver 10. This electrical-potential-difference generating circuit for a liquid crystal 
drive is an electrical-potential-difference generating circuit for a liquid crystal drive used by the MLA 
drive method of a case with four coincidence selections. In the electrical-potential-difference generating 
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circuit for a liquid crystal drive shown in drawing 2 , DC-DC converter 50 of the pressure-up mold of a 
charge pump type carries out the pressure up of the supply voltage VDD from the outside, and it is an 
electrical potential difference VCC1. The pressure up of the booster circuit and supply voltage VDD to 
generate is carried out, and it is VCC2. The booster circuit to generate is included. 

[0037] The group which contains only an operational amplifier 301 for the operational amplifiers 301-306 
in the power circuit 40 for a liquid crystal drive (it considers as A group.). The group containing 
operational amplifiers 302 and 303,304,305,306 (it considers as B group.) When it divides, it is the 
electrical potential difference VCC1 from DC-DC converter 50. It is used as supply voltage of A group's 
operational amplifier 301. Electrical potential difference VCC2 from the DC converter 50 It is used as 
supply voltage of B group's operational amplifiers 302 and 303,304,305,306. Namely, electrical potential 
difference VCC1 It is used as supply voltage of the operational amplifier which outputs a high electrical 
potential difference relatively, and is an electrical potential difference VCC2. It is used as supply voltage 
of the operational amplifier which outputs a low electrical potential difference relatively. 
[0038] An operational amplifier 301 is an electrical potential difference Vr like the case where it is 
shown in drawing 5 . Generating, operational amplifiers 302-306 generate electrical potential differences 
V4-V0. Moreover, -Vr It considers as the touch-down potential GND. 

[0039] As effective voltage Voff =2.0V at the time of off wave impression of duty ratios 1/100 and a 
liquid crystal panel, and a ratio of a train voltage swing / line voltage swing If 1/2.5 which is the rated 
bias which makes max the ratio of the effective voltage at the time of an ON display and the effective 
voltage at the time of an off display is used, the electrical potential difference of each level will be set to 
-Vr =0V, V0=4.5V, V1=6.0V, V2=7.5V, V3=8.9V, V4=10.4V, and Vr =14.9V. A liquid crystal panel is driven 
on this condition. 

[0040] And in the case of supply voltage VDD=3.0V, it is referred to as VCCI =18V (6 time pressure-up 
electrical potential difference) and VCC2 =12V (4 time pressure-up electrical potential difference). Vr It 
is Vr when it is referred to as 15V, although it was thought that it was good also as VCC1 =15V (5 time 
pressure-up electrical potential difference) since it was =14.9V. The potential difference is small. Then, 
Vr It originates in that there is a possibility that the output voltage of DC-DC converter 50 may be less 
than 14.9V with the current capacity fall of the generated operational amplifier 301 and the voltage drop 
by the output current of DC-DC converter 50 etc., and is Vr. It may not amount to 14.9V. Then, a 
pressure-up electrical potential difference will be used 6 times as supply voltage of an operational 
amplifier 301. 

[0041] In addition, although the difference of Vr =14.9V and a 5 time pressure-up electrical potential 
difference was 0.1V, if that difference is extent not more than 0.5V in this example, it is more desirable 
than a 5 time pressure-up electrical potential difference to use a pressure-up electrical potential 
difference on the pressure-up electrical potential difference on one step, i.e., this example, 6 times. That 
is, when filling (a formula 2), it is desirable to use a booster circuit with the pressure-up multiple used as 
(m+1). Here, m is m which fills (a formula 1) (however, m:1 or more integers). And in filling (a formula 3), 
let m which fills (a formula 1) be a pressure-up multiple. 

[0042] mxVin(m:2 or more integer = pressure-up multiple Vin: input voltage of booster circuit)-Vmax-n 

<=0.5 (V) (formula 2) 

[0043] 

mxVin-Vmax-n > 0.5 (V) (formula 3) 

[0044] It is desirable to use the booster circuit which generates the 6 time pressure-up electrical 
potential difference used as (m+1) in this example, since it is 5(=m) xVin-14.9 (=Vmax-n) <=0.5. 
[0045] If Ibias=5microA of each operational amplifiers 301-306, the consumed electric current of the 
electrical-potential-difference generating circuit for a liquid crystal drive itself will be set to 5(muA) 
x6x1+5(muA) x4x5= 130microA. In the conventional circuit shown in drawing 5 , since the consumed 
electric current of the electrical-potential-difference generating circuit for a liquid crystal drive itself is 
5x6x6=1 80microA, according to the circuitry of the gestalt of this operation, the consumed electric 
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currents are reduced about 30%. 

[0046] Moreover, since the current load of each booster circuit is reduced by subdividing the booster 
circuit in DC-DC converter 50, the frequency of the pressure-up clock of a booster circuit can be 
reduced. In this example, it can decrease in abbreviation one half and the current of a booster circuit 
part is made about 3microA reduction. Furthermore, capacity of the capacitor for pressure ups can also 
be made into one half. 

[0047] If it subdivides further, the output voltage of DC-DC converter 50 is put in another way and 
grouping of operational amplifiers 301-306 is subdivided further, the consumed electric currents are 
further reducible. As opposed to the operational amplifier 306 for V0 level For example, 2VDD(s) (=6V:2 
double pressure-up electrical potential difference), If DC-DC converter 50 is constituted so that 
3VDD(s) (= 9 V:3 time pressure-up electrical potential difference) may be supplied to the operational 
amplifier 305,304 V1 and for V2 level The consumed electric currents of the electrical-potential- 
difference generating circuit for a liquid crystal drive itself are reduced by 
5x2x1 +5x3x2+5x4x2+5x6x1 =1 1 0microA. 

[0048] Drawing 3 is the block diagram showing an example of the electrical-potential-difference 
generating circuit for a liquid crystal drive in the gestalt of operation of the 3rd of this invention with the 
liquid crystal driver 10. This electrical-potential-difference generating circuit for a liquid crystal drive is 
an electrical-potential-difference generating circuit for a liquid crystal drive used by the MLA drive 
method of a case with four coincidence selections. 

[0049] At the gestalt of this operation, the GND level to the liquid crystal driver 10 is -Vr. Not but, it 
considers as V2 potential. Moreover, DC-DC converter 70 of the pressure-up mold of a charge pump 
type is four kinds of electrical potential differences Vcc1, Vcc2, Vcc3, and Vcc4. The booster circuit to 
output is included. And operational amplifiers 301-306 are divided into 4 sets, the group (it considers as 
A group.) of only an operational amplifier 301, the group (it considers as B group.) of only an operational 
amplifier 302, the group (it considers as C group.) containing two of operational amplifiers 303,304, and 
the group (it considers as D group.) containing two of operational amplifiers 305,306. 
[0050] And it is an electrical potential difference Vcc1 to A group. It is an electrical potential difference 
Vcc4 to B group. It is an electrical potential difference Vcc2 to C group. It is an electrical potential 
difference Vcc3 to D group. It is supplied as supply voltage. 

[0051] An operational amplifier 301 is an electrical potential difference Vr by the resistance 407,408 of 
resistance R7 and R8. Generating, an operational amplifier 302 is an electrical potential difference by the 
resistance 409,410 of resistance R9 and R10. - It is Vr. It generates. Electrical potential difference Vr 
Electrical potential difference - Vr The partial pressure of the electrical potential difference of a 
between is carried out by the resistance 401-406 of resistance R1-R6, and electrical potential 
differences V4-V0 are generated through operational amplifiers 303-306. 

[0052] As effective voltage Voff =2.0V at the time of off wave impression of duty ratios 1/100 and a 
liquid crystal panel, and a ratio of a train voltage swing / line voltage swing When 1/2.5 which is the 
rated bias which makes max the ratio of the effective voltage at the time of an ON display and the 
effective voltage at the time of an off display is used, the electrical potential difference of each level - It 
is Vr =-7.5V, V0=-3.0V, V1=-1.5V, V2=0V, V3=1.5V, V4=3.0V, and Vr =7.5V. A liquid crystal panel is 
driven on this condition. 

[0053] DC-DC converter 70 — electrical potential difference Vcc1 ****** — the electrical potential 
difference and electrical potential difference Vcc2 which carried out the pressure up of the supply 
voltage VDD 3 times ****** — the electrical potential difference and electrical potential difference 
Vcc3 which carried out 2 double pressure up of the supply voltage VDD ****** — the electrical 
potential difference and electrical potential difference Vcc4 which carried out 2 double pressure up of 
the supply voltage VDD to the negative polarity side ****** — it is constituted so that the electrical 
potential difference which carried out the pressure up of the supply voltage VDD to the negative polarity 
side 3 times may be generated. 
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[0054] If Ibias=5microA of each operational amplifiers 301-306, the consumed electric current of the 
electrical-potential-difference generating circuit for a liquid crystal drive itself will become the sum of 
the consumed electric current about the operational amplifier 301,302 of each one forward negative 
polarity which uses a booster circuit as a power source 3 times, and the operational amplifiers 303-306 
of each two forward negative polarity using 2 double booster circuit as a power source. That is, it is set 
to 5(muA) x3x2+5(muA) x2x4= 70microA. Since the consumed electric current of the electrical- 
potential-difference generating circuit for a liquid crystal drive itself is 5x3x6=90microA when the output 
of a booster circuit is altogether used 3 times as a power source of six operational amplifiers, according 
to the circuitry of the gestalt of this operation, the consumed electric currents are reduced 20% or more. 
[0055] If it subdivides further, the output voltage of DC-DC converter 70 is put in another way and 
grouping of operational amplifiers 301-306 is subdivided further, the consumed electric currents are 
further reducible. For example, the operational amplifier 305 for VDD (=3V: actual size electrical 
potential difference) and V1 level is received to the operational amplifier 304 for V3 level. - If DC-DC 
converter 70 is constituted so that VDD (=-3V: negative polarity actual size electrical potential 
difference) may be supplied, the consumed electric currents of the electrical-potential-difference 
generating circuit for a liquid crystal drive itself will be reduced by 5x3x2+5x2x2+5x1 x2=60microA. 
[0056] In order to reduce the consumed electric current so that it may turn out that the gestalt of the 
2nd operation is compared with the gestalt of the 3rd operation, it is desirable to set up the value of 
supply voltage VDD near the core of each liquid crystal driver voltage value. 

[0057] In addition, although the gestalt of each above-mentioned operation mainly explained the case 
where two or more operational amplifiers as a voltage-level supply means were divided into two or four 
groups, you may divide into three groups. Moreover, as the gestalt of each above-mentioned operation 
also explained and the number of groups is made [ many ], for reduction of the consumed electric 
current, it is more effective. 
[0058] 

[Effect of the Invention] Since it constituted according to this invention so that the power source from 
which an electrical-potential-difference value differs as a power source by which each voltage-level 
supply means to supply each voltage level used for a liquid crystal drive in the drive circuit of a liquid 
crystal display is divided into two or more groups, and is supplied to each class might be used as 
explained above, the consumed electric current in an analog circuit part can decrease, and power 
consumption can be reduced further. Even if a liquid crystal driver voltage value increases with the 
increment in a duty ratio especially, the increment in the consumed electric current in an analog circuit 
part can be controlled. 
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[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the electrical-potential-difference generating circuit for a liquid 
crystal drive in the gestalt of the 1st operation. 

[Drawing 2] The block diagram showing the electrical-potential-difference generating circuit for a liquid 
crystal drive in the gestalt of the 2nd operation. 

[Drawing 3] The block diagram showing the electrical-potential-difference generating circuit for a liquid 
crystal drive in the gestalt of the 3rd operation. 

[Drawing 4] The block diagram showing the electrical-potential-difference generating circuit for a liquid 
crystal drive in the conventional line sequential drive method. 

[Drawing 5] The block diagram showing the electrical-potential-difference generating circuit for a liquid 

crystal drive in the conventional MLA drive method. 

[Description of Notations] 

1 0 Liquid Crystal Driver 

20, 50, 70 DC-DC converter 

30, 40, 60 Power circuit for a liquid crystal drive 

301-306 Operational amplifier (operational amplifier) 

401-410 Resistor 



[Translation done.] 
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5 W<)im<D-*^7>ZfZ 0 2, 3 0 1 »C;fcrbT6 VDD so 
(= 1 8 V : 6 fg#BE«JE) .fcSKDC-D 

c n >/\*-* 2 0 saws-ma. mskwmmttsst&M 

5X1X1 + 5X2X1 + 5X5 
X1 + 5X6X2 = 100 uAKH'J«Sfta. 

[0036] 0 2«, imwof&zommo&^z&tt 

ifclr^-T^Du/^aT*^. :i©j&Bl®WfflttJ£f8£ 

<7DDC-DC3>A'-^ 5 0 «, fl-gBfr£>©milIttJ£V 
DD<&#ffibTttJEVCCl 5:±fi£-rS#ff[E3?Stll!li«JEE 
VDD£#J£LTVCC2 ££j£-f6#miE]8&<h«:^tr<, 

[0 0 3 7] ifcSiMSfflmjgilH]^ 0\Z*5ttZ>*^7> 
:/301~3 0 6£. :*^7>:/3 0 1 £><^£-&tm 

(A^-7tt5. ) i, ^7>/3 0 2, 3 0 
3. 3 0 4. 3 0 5, 3 0 6 £^iJ& (.Bif^-^fT 
•5. ) t\Zfttftzi§i£\Z. DC-DCa>A-? 5 0^ 
£©«ffVCCl ttAW-7'ffl^7>7'3 0 1ffltI 
mflEtLT^ffl^n, DC3>A*-^ 5 OA^^ttffiV so 



*mffi©5*>©«:*:mffi£Vinax-n tLfc«^< teWzis 
^T. (jU) £iifc-tm©-5*.©«>h©ffi£#fff&& 

[0 0 3 3] 



Vin : #ffi[elS&roA*« 



CC2 \tBtf)\s--7<D*'<.7>-73 0 2, 3 0 3. 3 0 
4. 3 0 5, 3 0 6©mflgmflE<!:UT<£ffl$n-2>o ffc 

yzfvmMn&tLT&mzn. «jevcc2 tt«*twic 
{s.^ME.^tati-r^^7 yyommm&tLTmmz . 
tis. 

[0 0 3 8] @5lC^$nfc«^<hR«ltC. *17>7 
3 0 1 BlffiVr £fl£U *^7>73 0 2-3 0 6 
tt. ttJEV4~V0^^4"T«>. -Vr te&ifcfl 

[0039] ? 3.-=r4 it 1 / 1 0 0 , ■ ttW*;!'©:* 
7a«?H«niWrO*S&*ffiVoff =2. 0V. JftttEiKff 

1/2. 5ifflW6t. ftU^JKO«ffi»4, -Vr =0 
V, V 0 = 4. 5 V, V 1 = 6 . 0V, V 2 = 7 . 5 
V, V 3 = 8 . 9 V, V4 = 10. 4V, Vr =14. 

[0 0 4 0] ^-IT. mitg*JEVDD= 3 . OVCS^ 
VCC1 =1 8 V (6{g#JE«EE) . VCC2 =1 2 V (4 
ff*. Vr =14. 9VTfe*^e>VCC 
1 =1 5 V (5{g#mmEE) tUTt>«t^«k5tC%A6 
15VilfcI^l:BVr tClfiiA^S 
TSt. Vr £f££-r-5:*^7>7'3 0 1 ©*flfEtg 
J]&T*>\ DC-DC3>A— ^5 OOtti^mdfclCJ:* 
■«EI»TK«tr3TDC-DC=l>A-^ 5 0©iti#*ffi 
#14. 9 V£TlHl-5i5^na*&5£<t^lC®Bl<T, 
Vr iU4. 9 VlC^LTS^Bligtt*^^. * 
^7>7"3 0 1 ©ttiH«fftLT6fg#ffimaE£ffl^S 
Z.£\Z-fZ>o 

[0 0 4 1] tZ&. COMX-lt, Vr =1 4. 9Vt5 
{g#EE*E<!:©g#0. 1 VT*ofc*». ■£©£*« 0. 

5 vaT©g«T*ntf. 5 {g#EEttffi«t 0 1> 1 a±© 

(5£2) £S5fc-f 
(m+1) £&*»E«ft£8-3»EI3»fcfl!^*J:fc 
*»jf$l/H. :;T, mli> (5£l) JifcTmt^S 
(fc«U m: 1«±©SR) . -5-bT, (S3) 

[0 0 4 2] mXVin (m : 2 £JLt©S»= 
Vin : #BEtHSS©A^)fllJI) -Vma 
x-n ^0. 5 (V) (S2) 
[0 0 4 3] 
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(6) 

9 

mXVin-Vmax-n >0. 5 (V) 
[0 0 4 4] COflJTte, 5 (=m) XVin-14. 9 
(=Vmax-n ) ^0. 5Tfe4i^. (m+1) 

[0 0 4 5] #^"^7>y3 0 1-3 0 6©Ibias=5 
«, 5 (uA) X6X1 + 5 (fiA) X 4X5=130 
fflttJE^^[°]?SS^cDffig«oS«. 5X6X6 = 180 io 

3 o %wm sns. 

[0 0 4 6] DC-DC3>/W 5 0 \Z&l?Z> 

ft^^fij^^n-SWT, #EEIs]S&©#?-££n-.y 
-r-S^t^T^, #fftE)8£gB#©«ifc££j3 u Ag'Jiire 

[0 04 7] DC-DC:J>A*— ^5 0©Hi#Sffi£S » 
SKi&ffltfttLT, mSI-ntf. t^7>^3 0 1~3 0 

7*3 0 6»£*fbT2 VDD (= 6 V : 2fi#fftE) , V 
1, V 2 U-^)Vm<D^^-T>^3 0 5, 3 0 4JC**bT 
3VDD (=9V : 3 &Mt*i^:DC 
-DC3>^-^5 0£ffi^tnH jKABttfflttE£ 
40tta#OSfi*«*»4. 5X2X1 + 5X3X2 + 5 
X4X2 + 5X6X1 = 1 10 u A\ZWM2?lZ>. 
[0 0 4 8] i3lt #58B©JB 3 30 

EKtt, R^S5?Sc4©«-&©MLA®[i!l^TfflV»e> 

[0 04 9] £©£16©JBBTtt, BUFS-f/tl Ofc 
Mt^GNDl/^, -VrTB)l<- V2ftiS 

C3>A->7 Oft, 4ffi^CD«)IVccl . Vcc2 , Vc 
c3 , Vcc4 ^tB^T^#l£[Hl8S«:^ty. -tLT, 
7>y3 0 1~3 0 6^. t^7>y3 0 1©^(Dia « 
(A^;W-yt-T-?>. ) , :*^7>7"3 0 2©^©& 
(Biffr-zft-TZo ) » *^7>7*3 0 3, 3 0 4© 
(C^-7tr5. ) > *5<fctf*^7> 
73 0 5, 3 0 6<£>2-3>£-&tri& (D^-^if 

5. ) ©4&K:#tt£n5. 

[0 0 5 0] -E-LT, A^U-T'lCllffiVccl *». 
;W-7*l::ttEEVcc4 C^-yt*EEVcc2 A<, D 

[0 0 5 1 ] ^^<7>y3 0 lte, ffitftMR 7, R8© 
gfi4 0 7, 4 0 SKJ^TmffiVr £I8£U *^7 so 



JO 

(5£3) 

>7*3 0 2te. gin<lR9, R 1 0©Jgin4 0 9.4 1 
0JC«k^T«ffi-Vr £fg£-r*. mffVr tfE-V 
r tomvnmt* Stnfit R 1 ~ R 6 ©Sta 4 0 1 — 4 
0 6T#JE£*l, *^7>7"3 0 3-3 0 6£:frLT, 

mjEV4~v o*^±$n-&. 
[0052] fa-f-f Jt i / 1 o o . m&n*)V(n* 
7a^EPDDiit<D^5ei«ffivoff =2. ov, mmmmm 

gj*P# ©2i5»SJE© it * fc-f 5 ;w 7 7. 5 
1/2. 54ffl^5t, §U^;KDmm«, -Vr =- 
7. 5V, V 0=- 3. 0 V, Vl=-1, 5V, V2 
= 0 V. V 3 = 1 . 5V. V4 = 3. 0V, Vr=7. 

[0 0 5 3] DC-DC3>A*-^ 7 Oti. ttffiVccl 
<hbTlt2gmffiVDDS:3<g#ffiLfe*JE. mffiVcc2 £ 
UT«iH«J£VDD<&2<S#JIbfc*)E, ttEEVcc3 tt 

cc4 tLT«jg«JEVDD^ftSttffl!ltC3(S#Ebfcmm 

[0 0 5 4] &;j-'<7>7'3 0 1-3 0 6 <T> I bias= 5 
MAini, *fiBttJB*ffi»£lElK-£#©iH*** 

H@©:*^7>7"3 0 1, 3 0 2 £ 2 {g#EElH]8&£«ili 
tbTffl^-5iEftS^n-6n2®0^7>7 , 3 0 3 
~3 0 6 iCWf 5$»S^©fOK:ft£. "f frfc)^. 5 
(MA) X3X2 + 5 ((iA) X2X4 = 70yAiS 
6<@©*^7>7*©tt!!I£bT£T3{g#mtEl8&© 

$BSm8K«, 5X3X6 = 90tiAT$5A^, 

[0 0 5 5] DC-DCa>;W7 0OUJAtEE&S 
&KIU$MfcLT, Iftntf, *"<7>7*3 0 1-30 

«-rs^t^T-#?>. «Atf, V3V^H©^7> 
73 04 KftLTVDD (= 3 V : ^IfgltJE) . Vll/^ 
)Vm<D*1T>-?3 0 5»rMbT-VDD (=-3V : 

nfflt* 5X3X2 + 5X2X2 + 5X1X2 = 60M 
A\ZWMZtlZ>. 
[0 0 5 6] %2<D^M<DM&£?&3<DmfaC>MW>&& 

%t$z>tt>ts>%&o\z. ffl»*a*«»"r*»wtt. a® 

[0 0 5 7] ±tu 

T, «BEU^;U«il&?g:tUT(DS^©^^7>7'S:2 
r>*fctt4O0DffllC»l+fc«^ICt?^TSiWUfcJ5^ 3 
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(7) 



tO 0 5 8) 



10 



a? 

[0 2] m2<Dmm(DM&\z&vz>wiikm®mnE.% 

[S3] ^3oHJg(Djg^tci3itSiSS^lbffl*m^ 

[04] fE&<D&M%ffiM#££43t?«ttABIMl« 
m^^IllKSr^-r^n y £ 0 O 
[0 5] ft*®MLAStt££££l?«%aBIM3* 

Cff#ORWJ 

io MP?^r;i 

2 0, 5 0, 7 0 DC-DCa>A-^ 

3 0, 4 0, 6 0 jKSI2t!lffl«^[HlK 

3 0 1-3 0 6 StgigigSg 0*^7 >7) 

4 0 1~410 jgta§§ 



[01] 
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(9) 



[04] 




anztwrn mm w% f*-a(##) 2H093 nao7 nais nco3 ncos NC21 

»^JH®«^TfJ#^JIIE^iRST1150#a ND39 NH18 

M5 g^^^ #ttrt 5C006 AC02 AF51 AF52 AF69 BB12 

<72)»9I* MR m& BF25 BF43 BF46 FA47 

nmwwRfii*i*)mmmnso*J6 scoso aaio bbos dd26 ffo3 ffi2 



